T
he use of free microvascular flaps has become routine in plastic surgery. Many donor areas have been described and new flap concepts, especially the perforator flaps, became popular. This was mainly because of their reduced donor site morbidity. However, a certain degree of expertise is required to dissect a perforator flap. The first author (P.K.S.) noted the potentials of the vastus lateralis (VL)-muscle flap during the harvest of the anterolateral thigh perforator flap in both clinical and laboratory settings. 1 It soon became obvious that a safer and easier dissection within a much shorter operative time was needed for preparing solely the VL-muscle. Furthermore, the surgeon does not face unpleasant surprises, as it can be the case with the variable anatomy of the perforator arteries, when dissecting the anterolateral thigh perforator flap. An accidental damage to the perforator arteries can "burn" the perforator flap. In such situation, the VL-muscle flap is the ideal back up plan as the same incision allows the harvest of the muscle based on the same major pedicle.
No matter which flaps are used, some basic prerequisites are desired. In general, flaps that offer adequate tissue amount with minimum donor site morbidity are preferred. Additional characteristics such as a large and long pedicle, feasibility of a simultaneous two-team approach, consistent anatomy, and a safe and quick dissection are appreciated. The free VLmuscle flap is a flap that fulfils all of these desired criteria.
Though the free VL-muscle flap has been successfully described for head and neck reconstructions 2, 3 and also showed promising results after having been applied for lower limb reconstruction, 4 this flap did not yet gain the popularity it deserves. We applied the free VL-muscle flap in 24 cases at different recipient sites with good results. The aim of this presentation is to show and to popularize the versatility of the VL-muscle flap and its application as a valuable reconstructive tool in various recipient sites with minimal donor site morbidity.
ANATOMY
The VL-muscle originates from the greater trochanter, the gluteal tuberosity, and the lateral intermuscular septum. Along with the other muscles of the quadriceps group ends in the patella as the strong tendinus patellar ligament. It is a strong extensor of the leg, but it also contributes in external rotation and adduction of the leg as the "vasogluteal muscle sling" that forms with the gluteus maximus muscle.
The muscle's dimension is about 10 ϫ 25 cm, the innervation comes from a motor branch of the femoral nerve and its vascular supply comes from the descending branch of the lateral circumflex femoral artery and two accompanying veins. The artery has a diameter of 1.8 mm to 2.5 mm and the veins have a diameter of 1.8 mm to 3.3 mm in average. The muscle receives additional blood supply by the transverse branch of the lateral circumflex femoral artery proximally and by the lateral superior genicular artery distally, thus it is considered a type 2 according to Mathes and Nahai classification.
The vascular pedicle takes of the lateral circumflex femoral artery and descends along the medial rim of the VL-muscle in a discreet plane between the VL and the rectus femoris muscle, till about the middle one-third of the muscle, giving different perforating branches to the muscle and the overlying skin. Then it dives within the muscle and course distally to meet the superior genicular artery. The nerve enters the muscle at the junction between the superior and the middle one-third and follows the vascular pedicle's course.
Depending on the amount of muscle tissue and the desired pedicle length, the surgeon chooses which part of the VL-muscle is going to use (Fig. 1) . If a thinner muscle flap is desired, a cross-section part of the muscle is prepared. In our experience, a pedicle length of even 20 cm is achievable, if a distal muscle segment is used. It may be necessary to dissect the pedicle intramuscularly in its distal one-third, to gain the desired extra length.
PATIENTS AND METHODS
From August 2001 to December 2006, 23 patients, aged 32 years to 85 years were operated on and 24 free VL-muscle flaps were used for reconstruction. Details of the patients, pathology, flap's dimension, and the involved sites are shown in Table 1 . In all operations, a simultaneous two-team approach was possible. The anastomoses were performed with the aid of either the microscope or the varioscope AF3 5 according to surgeon's preference. In 14 cases, the muscle was covered with split thickness skin grafts and in 10 cases full thickness skin grafts were used depending on the size of the flap and the preference of the surgeon. An active rehabilitation program was initiated in all patients postoperatively. This included leg press exercises, unilateral knee extension, and descending and elevating step exercises. Dur- ing the follow-up period, the overall outcome regarding recipient and donor sites was evaluated by the two surgeons.
RESULTS
Twenty-four free VL-flaps with either split thickness skin grafts or full thickness skin grafts were used for reconstruction in head and neck, cranial, and lower limb areas. The follow-up ranged from 3 months to 48 months. All flaps were successful. No patient suffered any vascular compromise; no revision of anastomoses was necessary. Two patients underwent a secondary debulking procedure and one necessitated a partial skin regraft procedure. In all cases, the VL-muscle flap provided a good reconstruction functionally and cosmetically with the flaps adapting well to the contour of the surrounding tissue after the primary swelling period. Cosmetic outcome of the donor site was judged as good in all cases, although in five patients contour irregularities at the respective thighs were visible. No hypertrophic scar was noted. Functionally no patient, except one, suffered any obvious limitation, following evaluation of walking, climbing and descending stairs, and lifting their knee joint extended against gravity. One patient (patient 21) suffered some 20 degrees of extension lag at the knee joint early postoperatively. However, there is constant improvement with the rehabilitation program after a 6-months followup. He had sustained a below knee traumatic amputation and almost the whole contralateral VL-muscle was used for salvaging the knee joint. This should not have caused the postoperative extension lag, but because the popliteal recipient artery had retracted proximally, the surgeon ligated the main pedicle of the rectus femoris muscle on the donor site to gain two more centimeters pedicle length for achieving tension-free vascular anastomoses. Thus, it is assumed that the induced morbidity might rather be due to the created rectus femoris weakness. Retrospectively, the ipsilateral muscle should have been used in first place and same, ligature of the main pedicle of the rectus femoris muscle should have been avoided. 
DISCUSSION
Already in 1977, the surgical technique for using the pedicled VL-muscle in trochanteric pressure sores was outlined. 6 However, so far the free VL-muscle flap did not really find popularity, but was mentioned in the literature mostly in single case reports. It has been reported as a pedicled flap in gluteal defect reconstruction 7 and as a distally based flap for coverage of defects around the knee. 8, 9 Other reports include its harvesting technique as a muscle flap and its use for treatment of femur or hip infections. 10, 11 A single case employing a free VL-muscle flap for coverage of a diabetic ulcer was published recently. 12 The VL-muscle flap has also been used for closure of chronic thoracic empyema mostly because of its long vascular pedicle and for trunk wall reconstruction as a whole muscle transplantation providing a large flap with a long pedicle. 13 The vascular anatomy of the VL-muscle has been studied in detail by Wolff 14 in 100 cadavers. It was employed as a free flap for head and neck reconstruction, either as a pure muscle flap, or as a thinned myocutaneous flap (anterolateral thigh flap). Wolff used the VL-muscle flap also for glossectomy reconstruction and the subsequent epithelialization gave a satisfactory result, which was confirmed by Tsai et al., 15 who reconstructed a maxilla defect also with a "pure" VL-muscle flap (no skin grafts). Chana et al. 16 described the successful employment of the VL-muscle flap for skull base reconstruction in a series of seven patients. We used the flap successfully in a similar case (patient 1, Fig. 2A-D) for providing infratemporal dead space filling and forehead skin replacement. The same accounts for its use in scalp and midface reconstruction (see Table 1 ; patient 7, who received two consecutive VL-muscle flaps because of subsequent origin tissue necrosis). The ability of the VL-muscle to carry vascularized fascia lata proved very useful in the dura reconstruction. An additional advantage of the VL-muscle flap is the possibility to convert the flap to a conjoint combined flap as it has been described with the gracilis perforator flap. 17 This flap can include muscle, adiposal tissue, and fascia lata as a conjoint flap with each component receiving distinct vascular supply by the same main pedicle (descending branch of the lateral circumflex femoral artery). This can be ideal for complex three-dimensional reconstructions, keeping in mind that different independent skin paddles can also be harvested. Superior esthetic results (as compared with skin flaps) were found when using pure muscle flaps, including the VL-muscle free flap combined with split or full thickness skin grafts for head and neck reconstruction. Donor site morbidity was negligible and particularly the patients who received full thickness skin grafts on the muscle flaps showed an adequate texture and color match. 3 We agree with Jackson 18 that this flap will become a workhorse in craniofacial surgery after tumor resection and in trauma cases.
In this study, the flap was also used in 10 patients for lower limb reconstruction. In four cases, the flap was used for lower tibia reconstruction (Fig 3A-C) , in two cases for heel reconstruction, and in another four cases for salvaging below knee amputation stumps (Fig. 4A and B) . In all cases, good functional and cosmetic results were achieved. This confirms the excellent results that were reported recently by Cavadas and Sanz-Jimenez-Rico, 4 who published a series of nine pa- The Journal of TRAUMA Injury, Infection, and Critical Care tients who received lower limb reconstruction with the use of the VL-muscle flap. Cavadas and Sanz-Jimenez-Rico 4 emphasize the advantages of the flap including a short dissection time and a constant anatomy. They mostly used a crosssection part of the muscle with the rest remaining intact and innervated. No functional impairment was found postoperatively. Although in five occasions, we used almost the entire muscle (75-80%), except the most proximal and distal tendinous insertions, no functional limitation was noted regarding the knee extension mechanism, except in the case that the rectus femoris pedicle was ligated for extra pedicle length (see Result section). Our findings confirm other's considerations regarding the donor site morbidity of the musculocutaneous anterolateral thigh flap harvest. 19 -21 The general consensus is that an active rehabilitation program is the key element in reducing morbidity together with other factors such as, e.g., the patient's age, preoperative mobility, or kind of reconstruction.
Comparing the VL-muscle flap with numerous other frequently used free flaps for reconstruction such as the radial forearm flap, or muscle or musculocutaneous flaps such as the anterior lateral thigh (perforator) flap, the rectus abdominis myocutaneous flap, the gracilis flap, and the latissimus dorsi flap proves that the VL-muscle flap is indeed an attractive choice.
Compared with the radial forearm flap, the VL-muscle flap proved clearly superior regarding donor site morbidity. The main advantage of the radial forearm flap is its long pedicle and the thin and pliable skin paddle. However, the length of the VL-muscle flap pedicle reaches 20 cm, which also allows anastomosis to be performed, e.g., on the contralateral neck if need arises. Additionally, if a cross section of the muscle is used, a thin flap can be obtained (Fig. 5A-B) . Another advantage comparing with the radial forearm flap is the ability to easily combine a skin island with different orientation (perforator-based island), if it is necessary.
Possible problems regarding the anterior lateral thigh perforator flap were already mentioned in the introduction section. The rectus abdominis flap is not as large as the VL and its pedicle is not as long. In addition, the donor site morbidity can be substantial, including hernia development 
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and deterioration of pulmonary function in some patients.
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The gracilis muscle is relatively small and the vascular pedicle is shorter and of smaller caliber comparing with the VL-muscle. The latissimus dorsi muscle usually demands change of the patient's position making a simultaneous twoteam approach difficult. Postoperative seroma at the donor site are rather frequent. Thus, this flap is regarded as first choice only in cases that need a very large flap. Another muscle belonging to the quadreps femoris muscle group, the rectus femoris flap, does not seem to be a real alternative yet especially due to different results considering the donor site's functional impairment.
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CONCLUSIONS
The free VL-flap has been used for reconstruction in different clinical situations and in different recipient sites. In all cases, good functional and esthetical results were achieved. The long and large pedicle allowed easy anastomoses. The flexibility in terms of design is an additional positive asset. The constant anatomy, the harvest in supine position (simultaneous two-team approach!) and finally the low donor site morbidity (fast rehabilitation!) are further advantages of the VL-flap. In addition, the dissection is easy to master and teach, thus improving the safety of the procedure. Its specific advantages make VL-muscle flap very useful, for head and neck and lower limb reconstruction.
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